INTRODUCTION
Psychosocial and psychological factors, such as anxiety, depression, social networks and support as well as work stress, have been shown to be associated with cardiovascular disease (CVD) mortality and incidence. [1] [2] [3] [4] [5] The mechanisms linking psychosocial factors with CVD are not fully understood, and are likely to involve both direct pathways (eg, metabolic changes resulting from neuroendocrine response, imbalances of the sympathetic and parasympathetic nervous system or neuroimmunological disturbances [6] [7] [8] ) or indirect pathways via health behaviours, such as smoking, alcohol consumption, physical activity or diet. 9 10 Perceived control, often defined as a belief that one is able to determine his/her own behaviour, influence his/her environment and attain desired outcomes, 11 can help individuals to deal with stressors in their lives. Perceived control is considered to be related to the constructs of locus of control, self-efficacy and mastery, 12 and it often refers to the perceived ease or difficulty to influence the desired outcomes of own actions and behaviours. 11 13 14 For example, poverty or unemployment is related to low perceived control, but re-employment was found to be related with higher perceived control levels. 15 16 Inverse associations of perceived control and related constructs with CVD have been reported from several case-control and cohort studies. [17] [18] [19] [20] [21] [22] [23] As existing evidence on the relationship between perceived control and health relies on observational studies, the causality of the association remains debated.
Virtually all existing evidence on the relationship between perceived control and health comes from Western Europe and the USA. These are stable, high-income and relatively individualistic societies; confirmation studies in non-Western societies would be to assess the consistency of the association across different populations. Central and Eastern Europe seems a particularly interesting setting, since this region represents a variety of historically determined social and cultural characteristics that might influence the perception of self-control in individuals. For example, in the communist system, the perception of individual control over one's life was probably low. Similarly, the turbulent political transformation, followed by significant social and economic changes, is also likely to have influenced psychological and psychosocial well-being.
The objective of the present study was to investigate the association between perceived control and all-cause and CVD mortality in three Eastern European, population-based cohorts and to assess the consistency of the associations between populations. Given the differences in sociopolitical environment between Eastern and Western Europe, the postcommunist societal transformation high CVD death rates in Eastern Europe, and different patterns of potential confounding factors in different societies, studying the association of perceived control with CVD in this setting can provide useful evidence to either support or refute the hypothesis that perceived control is an important predictor of CVD.
METHODS

Study populations and subjects
The present analysis used data on the 28 945 participants in the Health Alcohol and Psychosocial factors In Eastern Europe (HAPIEE) prospective cohort study in Krakow (Poland), Novosibirsk (Russia) and six towns of the Czech Republic (Havírov/Karvina, Hradec Kralove, Jihlava, Krome, Liberec and Ustı nad Labem). Random samples of male and female residents aged 45-69 years were examined during 2002-2005. The overall response rate was 59% (61% in Krakow and Russia and 55% in the Czech towns). The study was approved by ethical committees in all participating centres and at University College London. All participants gave informed consent for attendance in the study.
Data collection
Detailed description of the HAPIEE study size and protocol was described previously; 24 information specific to this paper is given below. Baseline information on participants was collected by structured questionnaire and objective examination in a clinic which included a blood sample.
Measurements
Perceived control was assessed using an 11-item scale which was initially developed by the MacArthur Foundation Programme on Successful Midlife 25 and subsequently used in the Whitehall II study and by the New Democracy Barometer surveys. 18 26 Participants indicated the extent to which they agreed or disagreed with 11 statements referring to their perceived control over life events and health; the responses were recorded on a 6-point scale (ranging from totally agree to totally disagree, coded from 0 to 5). The sum of these responses ranged from 0 (total lack of control) to 55 (maximum perceived control). The algorithm allowed at most two missing answers (replaced by the arithmetic mean of valid responses). Participants were then classified into five sex-specific quintiles.
The following covariates measured at baseline were used in the analysis. Participants were classified into one of four categories of their highest achieved education ( primary or lower, vocational, high, university). Marital status was dichotomised as married/cohabiting versus single/divorced/widowed. Two categories of occupational status were defined: working (employees, entrepreneurs, freelancers, farmers, working pensioners) and non-working (housewives, pensioners, unemployed). Persons declaring smoking cigarettes regularly or occasionally were classified as current smokers; ex-smokers were those who had smoked in the past but stopped; and persons who had never smoked cigarettes were considered as never smokers. Alcohol intake was assessed using Graduated Frequency Questionnaire and expressed in grams of pure ethanol per year. Positive history of CVD (myocardial infarction, angina or stroke) or cancer was based on self-report. Hypertension was defined as measured blood pressure ≥140/90 mm Hg or using antihypertensive medication in the past 2 weeks. Hypercholesterolaemia was defined as total cholesterol ≥5 mmol/L or LDL-C ≥3 mmol/L or using lipid-lowering medication. Diabetes was defined as having fasting plasma glucose ≥7 mmol/L or having diabetes diagnosed by doctor.
Mortality follow-up
Cause-specific mortality in the cohorts was recorded during subsequent 7-8 years after the baseline examination (median time of 7 years in Krakow and Novosibirsk and 8 years in the Czech cohort), using the following registers: the City of Krakow register and Central Statistical Office in Poland; mortality register developed by the Institute of Internal Medicine based on data from the Novosibirsk office of the State Statistical Bureau (Goskomstat) and from the population registration bureau; and National Death Register in the Czech Republic. Classification of causes of deaths was made using the International Statistical Classification of Diseases and Related Health Problems-Review X (ICD-10); CVD deaths were those with codes I.00-I.99.
Statistical analyses
Out of 28 945 persons examined at baseline, 27 702 (96%) had follow-up data available. Further, 453 were excluded due to missing data on perceived control, leaving 27 249 persons (191 967 person-years) in the analysis. Descriptive characteristics were tabulated by study centre and in the pooled sample for men and women separately. Significance tests for differences in distributions of participants' characteristics between study centres were calculated using χ 2 test, ANOVA or Kruskal-Wallis test depending on the type of the variable and its distribution. Association between perceived control quintile and all-cause and CVD mortality was assessed using Cox proportional hazards regression models, with the highest sex-specific quintile (very high control) as reference category. The assumptions of proportional hazards were checked using Schoenfeld's test examining interactions with time to the event. Analyses were performed separately for each centre.
Since the relationship between perceived control and mortality in Russia differed from the Czech and Polish cohorts (in which the associations were similar), with highly significant interaction term in men ( p<0.001), we were unable to pool the data from all three cohorts but we could combine the Polish and Czech data. Although in women the interaction term was not statistically significant, probably because of lower statistical power due to smaller number of deaths, the main analyses in both sexes present the Russia cohort separately from the pooled Czech and Polish cohorts. Three models were fitted: model 1 was adjusted for age and cohort (in case of the pooled Czech and Polish data); model 2 additionally adjusted for education, marital status, occupation, history of CVD and history of cancer (only for analyses of all-cause mortality); and model 3 further adjusted for smoking, hypertension, hypercholesterolaemia, diabetes and alcohol consumption. Physical activity and body mass index were not included into the multivariate models because they did not alter the estimated HRs. Owing to the two-stage character of the examination (health questionnaire at home and physical examination in clinics in Poland and Czech Republic), the participation rate for the clinical examination was lower than for the interview. As a consequence, the number of persons included in the model 3 was lower (by approximately 15%) than in model 1 and 2 as the sample was restricted to participants with all complete records in all covariates. Statistical analyses were conducted in R V.3.02 (R Foundation for Statistical Computing, Vienna, Austria) and STATA V.12.1 (StataCorp LP, Texas, USA). Table 1 presents descriptive statistics of study participants by sex and country. At baseline, total number of 13 617 men and Perceived control was highest in Poland and only slightly lower in the Czech Republic and Russia. There were differences in educational achievements between countries, with higher levels in the Polish and Russian cohorts compared with the Czech participants. Over four-fifths of men and two-thirds of women were married or cohabiting. Smoking was most common among Russian men and least common among Russian women. There were also differences in the prevalence of high cholesterol, hypertension and the history of CVD and diabetes between cohorts. Differences in all covariates between cohorts were statistically significant ( p<0.001) (table 1) . Tables 2 and 3 show the relationships between perceived control and total and CVD mortality by each cohort separately and in the combined Polish and Czech samples. In analyses of all-cause mortality (table 2), there was a significant inverse association in Czech and Polish men and women. In the age-adjusted model, men and women with very low perceived control had more than 2.5 times higher risk of death than those with very high control, and the inverse trend was statistically significant. Adjustment for education, marital status, occupational status, history of CVD and history of cancer reduced the HRs by about one-third, and additional adjustment for smoking, hypertension, hypercholesterolaemia, diabetes and alcohol consumption further attenuated the estimates of HRs to 1.71 (1.34 to 2.19) and 1.63 (1.14 to 2.35), respectively. In Russia, in contrast, the association was considerably weaker; the age-adjusted HR of men and women in the lowest versus highest control groups were 1.35 (1.05 to 1.75) and 1.58 (1.01 to 2.47), respectively, and after adjustment for all covariates the estimates became weak or non-existent and no longer statistically significant (table 2) .
RESULTS
The inverse relationship of perceived control with mortality from CVD was stronger than with all-cause mortality and, again, it was considerably stronger in the Czech and Polish cohorts than in Russia (table 3). In the combined Czech and Polish data, the age-adjusted HR for the lowest versus highest control was 3.63 (2.48 to 5.31) in men and 5.20 (2.66 to 10.17) in women. As in the case of all-cause mortality, adjustment in model 2 reduced the estimates by about one-third and in model 3 the effects were about one-half of those seen in model 1. In Russia, there was some suggestion of a weak effect in men in model 1, but there was no association after adjustment for covariates in models 2 and 3 (table 3) .
In additional sensitivity analyses, we investigated the association of mortality with perceived control scale (1) with the three health-related items removed from the control scale, (2) with additional adjustment for presence of other chronic conditions at baseline, and (3) after ignoring deaths within the first 2 years of follow-up. The results were robust to model specification and remained similar to the main analyses presented above.
DISCUSSION
In this large prospective study in three Eastern European populations, low perceived control was associated with increased risk of total and CVD mortality in two of the three cohorts. In the Czech and Polish cohorts, the associations were statistically significant, graded and, although attenuated, they persisted after adjustment for a range of covariates. In contrast, the associations in Russian men and women were weak and did not survive multivariable adjustment.
The results from the Czech and Polish cohorts confirmed earlier findings from the Polish cohort with a shorter follow-up period 27 and are consistent with results reported in the USA and Western Europe. [19] [20] [21] In Russia, in contrast, we did not find an association of perceived control with total or CVD mortality. The latter finding is contrasting with previous reports on associations between perceived control and self-rated health from cross-sectional studies. 26 28 29 However, this might reflect the differences in the study design and the nature of outcome variable.
The mean perceived control scores in this study were similar across the three cohorts. This was not entirely expected, since the New Democracy Barometer surveys, which used identical questions, found lower levels of perceived control (and higher mortality) in Russian than in other postcommunist countries, 28 and this led to speculation of its potential role in poor health in Russia. 26 On the other hand, another multicountry survey suggested relatively high level of perceived control in Russian adults. 30 We are not certain whether such differences between studies are due to differences in methodology, differences in historical periods when the surveys were conducted or other factors.
The lack of association between perceived control and mortality in the Russian cohort is puzzling, as it may indicate that control is not a universal predictor of mortality. The Russian sample had sufficient statistical power to demonstrate association between perceived control and mortality of similar magnitude as observed in the Czech and Polish cohorts. On the other hand, the lack of association in Russia may be due to measurement issues. Although the questionnaires were repeatedly translated from English and back-translated to each language and checked for inconsistencies, it is possible that the words used in the Russian translation do not tap into the concept of control as understood by Russians. There is some indication that perceived control may have a different meaning in Russia. 31 In addition to the semantics of the Russian language, the sociocultural specificity of Russia should also be considered, as Russian society represents a unique combination of historically determined social and cultural characteristics that might influence perception of control of individuals. There is some evidence that individuals from collectivistic cultures have a strong belief in external sources of control. [32] [33] [34] Russia represents rather a collectivistic culture; 35 historically, Russian society had highly centralised structure of power followed by high obedience to authorities, coexisting with authoritarian family practices. 36 37 It has been pointed out that the phrases used in Russian and the general tone of the language are often characterised by lack of enhancement of the individual as controller of events and present humans as not controlling their lives and with some tendency to submissiveness. 38 In contrast, for Czechs and especially for Poles personal freedom was always highly valued, and it is likely that these countries represent more individualistic cultures. 38 These cultural factors might have affected both the assessment of perceived control and the relations between perceived control and health.
The inverse association of perceived control with total and CVD mortality found in the Czech and Polish cohorts appears plausible. Although the mechanism linking perceived control with health are not fully understood, perceived control was found to be related with important psychological and physiological processes. There is evidence on the role of perceived control as longitudinal moderation of late-life stressors on depressive symptoms 39 and relations with anxiety disorders, 40 neural responses to setbacks, 41 vasovagal response, 42 imbalance of immunological system 43 and influence of genetic variance in physical health. 44 The dose-response relationship in these two cohorts further supports the notion that the association is genuine. In addition to the crucial issue of the comparability of the assessment of perceived control across different countries, there are several other limitations.
First, response rates in all three cohorts were modest (between 55% and 62%). However, as the rates were comparable in all three centres, it is unlikely that the differences in the associations between Poland, Czech Republic and Russia could have resulted from differences in response rates. Several studies showed that declines in participation rates in epidemiological studies in the last decades do not necessarily affect the estimates of examined associations 45 46 but it is likely that low participation had an impact on representativeness of the sample. There is some evidence that the samples suffered from a health selection bias as non-respondents had higher risk of death compared with study participants; 47 the relationship between perceived control and mortality was therefore investigated in a healthier part of the original population sample.
In relation to potential measurement problems, it might be argued that different scales of perceived control could produce different results, although a fair degree of stability across time and situations for measures of perceived control has been reported. 11 Furthermore, adjustment for socioeconomic status had some limitations. Socioeconomic status is determined also by many other characteristics, which were not measured. Similar to numerous other studies, we used education and occupational status only in the analysis.
Second, although the number of exclusions from the analysis due to availability of follow-up and perceived control data is low, a considerable number of missing data in biochemical tests and measurements reduced the number of participants included to the final analysis (model 3). However, the sensitivity analysis restricted to participants with all complete records in models 1 and 2 was also performed and it did not change the results substantially (data not shown).
Third, participants were sampled from urban populations and the cohorts cannot be regarded as representatives of the whole countries. Although the analysis of Polish data suggested that the Polish HAPIEE sample was similar to other large Polish cities in terms of marital status, occupational status, prevalence of main CVD risk factors and SCORE (Systematic COronary Risk Evaluation) risk assessment, 48 extrapolations from our study to the broader population must be made with cautions.
Fourth, the possibility of reverse causation cannot be excluded in observational studies. Participants in poor health may feel and report lower control. Although our sensitivity analyses appeared robust to omitting health items from the control scale, adjustment for baseline health and excluding deaths in the first 2 years of follow-up, reverse causation cannot be entirely ruled out.
Fifth, the multivariable model 3 may have led to an overadjustment, since some of the covariates could be mediators (eg, smoking or alcohol consumption), as low perceived control may lead to unhealthy behaviours which, in turn, result in increased mortality risk.
On the other hand, our study has important strengths. First, this is the first report on the relationship between perceived control and mortality in the Central and Eastern European region which differs substantially from the West in the historical, social and economic context. Second, this is a prospective study, which minimises the potential for reverse causation. Finally, as we collected a wide range of social, behavioural and biological risk factors, we were able to control for a number of variables and to minimise the risk of confounding.
In conclusion, results observed in two of our three cohorts support the hypothesis and previous reports that low perceived control has negative effect on health and on CVD in particular. However, the lack of the association in the Russian cohort raises questions about the universal applicability of the concept of perceived control, and requires further clarification of the concept and its measurement in more collectivistic societies.
What is already known on this subject? ▸ It has been hypothesised that perceived control (often described as individuals' belief in own capability to change their behaviour, influence the environment and attain the desired action outcomes) is associated with reduced chronic psychosocial stress. ▸ There is some evidence from stable, affluent and relatively individualistic societies of Western Europe and the USA that perceived control is associated with lower mortality from all causes and cardiovascular diseases. It is less clear whether the same association exists in other societies.
What this study adds?
▸ The HAPIEE study is the largest prospective study on the association between psychosocial factors and cardiovascular diseases in Central and Eastern Europe. These countries have undergone dramatic social and economic changes after the fall of communism in 1989. ▸ The present analysis found inconsistent results. The inverse association between perceived control and all-cause and cardiovascular mortality was confirmed in Czech Republic and Poland but not in Russia. This lack of the association in the Russian cohort raises questions about the applicability of the concept of perceived control to more collectivistic societies.
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